Autism or autism spectrum disorder are both general terms for a group of complex neurodevelopment disorders that are characterized by social impairments, communication difficulties, impaired social interaction, verbal and nonverbal communication, repetitive, and stereotyped behaviors as well. Autism has a significant genetic basis; even the genetics of autism are complex and mostly unclear if it is explained by rare multigene interactions of common genetic variants or rare mutations with major effects. Autism is known as a severe neurodevelopmental disorder with a poorly understood etiology. The oxidative stress in autism has been studied at both the membrane level as long as measuring products of lipid peroxidation, antioxidants, and detoxifying agents (such as glutathione) involved in the defense system against reactive oxygen species. Antioxidants have some potential therapeutic value in the treatment of certain neurodegenerative diseases though catabolizing H 2 O 2 . Since mitochondrial dysfunction is involved in the pathogenesis of many neurodegenerative diseases such as autism disorder, so developing new therapeutic strategies targeting the mitochondria may shed a new light to autism treatment. Given the evidence hinting at neurological changes following the implementation of dietary intervention in related conditions, future research might also benefit from looking at brain structural and biochemical changes in cases of altered state of consciousness (ASCs) adopting dietary intervention. Indeed, the gut-brain relationship, seemingly so important to explaining the role of dietary intervention in best-responder cases, is a woefully under-researched area with ASCs in mind.
iNtroductioN
Autism spectrum disorder (ASD) is a severe neurodevelopment disorder with usual onset before 3 years of age. It is characterized by impairments in social orientation, communication, and repetitive behaviors. In addition to behavioral impairment, ASD is associated with high prevalence of autoimmune disease, gastrointestinal (GI) disease, dysbiosis, and mental retardation. [1] [2] [3] [4] The prevalence of autism has increased over the last several decades. The incidence of ASD in the United States increased in 2008 to 1 in 88 children. [5] Increased prevalence has great effects on public health implications and has stimulated intense research into potential etiologic factors. [6] Although the etiology and pathology are poorly understood, different factors have been suggested to affect autism. For example, immune factors, environmental, neurochemical, genetic factors, and oxidative stress are commonly found in patients with autism. Extensive studies have demonstrated that oxidative stress plays a vital role in the pathology of several neurological diseases such as Alzheimer's disease, Down syndrome, Parkinson's disease, schizophrenia, bipolar disorder, and autism. [7, 8] Oxidative stress occurs when reactive oxygen species (ROS) levels exceed the antioxidant capacity of a cell. It acts as a mediator in brain injury, strokes, and neurodegenerative diseases. [9] [10] [11] Thus, the control of ROS production is necessary for physiologic cell function. The ROS within the cells are neutralized by antioxidant defense mechanisms including superoxide dismutase (SOD), catalase, and glutathione peroxidase (GSH-Px) enzymes. The increased production of ROS both centrally (in the brain) and peripherally (in the plasma) may result in the reduction of brain cell numbers leading to autism pathology and apoptosis. [8] [9] [10] [11] [12] Some studies showed that a specific antioxidant supplement and some dietary managements may be an effective therapy for some features of autism and lower irritability in children with autism as well as reduced the children's repetitive behaviors. However, the researchers emphasized that the findings must be confirmed in a larger trial before supplements can be recommended for children with autism. Therefore, the purpose of this review article is to collate and critically evaluate published scientific data pertaining to the novel and emerging nonconventional dietary treatments for ASD. [13] reSearch criteria aNd MethodoLoGy A search of periodical literature by the author involving dietary therapy and autistic children was carried out. Items were identified initially through health-oriented indexing services such as Medline, Health STAR and Cinahl, using the identifiers "dietary therapy," "autism," "children," "antioxidant," and "gluten/casein-free diet." An extensive search was also carried out on educational database ERIC. Through an electronic search, 55 studies were identified.
What iS autiSM?
Autism or ASD are both general terms for a group of complex neurodevelopment disorders that are characterized by social impairments, communication difficulties, impaired social interactions, verbal and nonverbal communication, and repetitive and stereotyped behaviors. Autism can also be called an autistic disorder, or a classical ASD, which is the most severe form of ASD. Other conditions can be a milder form known as the Asperger syndrome, pervasive developmental disorder or childhood disintegrative disorder. [1] ASD varies extensively in symptoms and severity and may go unrecognized, especially when it is masked by more debilitating handicaps in mildly affected children. Experts have estimated that by age 8, one out of 88 children will have an ASD. Often, it can be diagnosed even by parents through very early indicators. However, an evaluation by experts usually includes: No babbling or pointing by age 1, no response to name, poor eye contact, no single words by 16 months or two-word phrases by age 2, excessive lining up of toys or objects, loss of language or social skills, and no smiling or social responsiveness. [2] In addition, there are many later indicators that can be distinguished. These include impaired ability to make friends with peers, absence or impairment of imaginative and social play, inflexible adherence to specific routines or rituals, restricted patterns of interest that are abnormal in intensity or focus, impaired ability to initiate or sustain a conversation with others. Stereotyped, repetitive, or unusual use of language and preoccupation with certain objects or subjects are also seen. [3] Autistic individuals may display many forms of repetitive or restricted behavior, which can be categorized as follows: stereotypy is repetitive movement, such as head rolling, body rocking, or hand flapping; sameness is resistance to change; refusing to be interrupted or insisting that the furniture not be moved. Self-injury includes the movements that can injure the person such as skin-picking, head-banging, hand-biting, and eye-poking. In addition, ritualistic behavior involves an unvarying pattern of daily activities, such as a dressing ritual or unchanging menu. This is strictly associated with independent validation and has suggested combining the two factors. [4] Compulsive behavior can be intended and appears to follow the rules, such as arranging objects in lines or stacks. Restricted behavior is limited in activity, focus, or interest, such as preoccupation with a single television program, game, or toy. There is no single self-injurious or repetitive behavior that seems to be specific to autism, but only autism appears to have an elevated pattern of occurrence and severity of these behaviors. [5] 
autiSM'S cauSeS aNd SyMptoMS
It has long been presumed that there is a significant common cause at the genetic or cognitive level as long as neural levels for autism's characteristic triad of symptoms. However, there is growing suspicion that autism is instead a complex disorder whose core aspects have distinct causes that often cooccur. [6] Autism has a significant genetic basis; however, the genetics of autism are complex and mostly unclear if they are explained by rare multigene interactions of common genetic variants or rare mutations with major effects. This complexity is due to different interactions among multiple genes, epigenetic factors, and the environment. They do not change the DNA sequences but still they are heritable and may influence the gene expression. [7] Naturally, autism disorder cannot be traced to a single chromosome abnormality or a mendelian mutation; in which stable and undecomposable characters controlled entirely or overwhelmingly by a single genetic locus are transmitted over many generations. While none of the genetic syndromes associated with ASDs have been shown to selectively cause ASD. Numerous genes have been located, with only small effects attributable to any particular gene. The wide range of autistic individuals with unaffected family members can result from spontaneous duplications or deletions in genetic material during meiosis. [8] Other evidence regarding environmental causes has not been confirmed by reliable studies. Environmental factors may have a wide range starting from some infectious diseases, solvents, phthalates, diesel exhaust polychlorinated biphenyls, and phenols that are used in plastic products, pesticides, some drugs and vaccines, prenatal stress, and brominated flame retardants. [9] the MechaNiSMS of autiSM diSorder Autism's mechanism can be divided into two areas: the neuropsychological linkages between brain structures and behaviors and the pathophysiology of brain structures and processes associated with autism. Unlike other neurodevelopmental disorders, autism does not have a significant and clear mechanism at either systems level, cellular, or molecular. It is primarily known as an intellectual disability. Autism typically includes a large set of disorders with diverse mechanisms or it may be a combination of a few disorders caused by some mutations on a few common molecular pathways. [10] ASD appears as a result of developmental factors affecting many of the functional brain systems while disturbing the brain development timing. Neuroanatomical studies suggested that the ASD mechanism may include brain development alteration soon after conception. The brains of autistic children tend to grow faster than usual just after birth and are then followed by relatively slower growth during childhood. [11] Different hypotheses of the molecular and cellular bases of the pathological early overgrowth include an excess of neurons that may cause a local overconnectivity in the key brain regions, unbalanced excitatory and inhibitory networks, disturbance in the neuronal migration during early gestation, or abnormal formation of dendritic spines or synapses which may contribute to epilepsy. This finding helps to explain why ASD and epilepsy can be associated. [12] The autism disorder-related patterns of the aberrant activation and low function of the brain differ depending on whether brain activity is nonsocial or doing social tasks. There is evidence for reduced functional connectivity of the default network, social or emotional processing, and goal-directed thinking. [13] The underconnectivity theory of autism indicated that this condition is marked by an excess of low-level processes, along with under-functioning high-level neural connections and synchronization. [14] Functional neuroimaging and brainwave studies suggested that adults with autism disorder have localized overconnectivity in the cortex with weak functional connections between the frontal lobe and the rest of the cortex. Other evidence has demonstrated that underconnectivity is mainly within each hemisphere of the cortex while autism is mainly a disorder of the association cortex. [8] Other researchers have found that during the transient changes to the brain's electrical activity in response to stimuli, there is some evidence for differences in individuals with autism in respect to their attention, information storage, visual stimuli, novelty detection, orientation to auditory, language, and face processing. [15] On the other hand, in the area of genetics, there appears to be a relationship between schizophrenia and autism due to duplication and deletion of some chromosomes. Researchers have noticed that autism is significantly more common in a combination with 1q21.1 deletion syndrome, while chromosome 15 (15q13.3), chromosome 16 (16p13.1), and chromosome 17 (17p12) are inconclusive [ Table 1 ]. [16, 17] The cognitive theories have proposed a link with two major categories autistic brain and behavior. The first category focuses on deficits in social cognition; however, most studies have demonstrated no evidence of impairment in autistic individuals' ability to understand other people's basic intentions or goals, while other studies suggested that impairments are found mostly in understanding the complex social emotions or in considering individuals' viewpoints. [16, 17] The second category focuses on the general and nonsocial processing including the working memory, inhibition, and planning. This category is not satisfactory on its own as nonsocial theories have difficulty in explaining communication difficulties and social impairment while the social cognition theories poorly address the repetitive behavior and autism's rigid and repetitive behaviors. That's why the combined theory which, based on multiple deficits, can prove to be more useful in assessing progress and autism's disorder mechanism. [18] oxidative StreSS iN autiSM Autism is known as a severe neurodevelopmental disorder with a poorly understood etiology. The oxidative stress in autism has been studied at the membrane level by measuring products of lipid peroxidation, antioxidants, and detoxifying agents (such as glutathione) involved in the defense system against ROS. Lipid peroxidation markers are mostly elevated in autism indicating that oxidative stress is increased in this disease. The levels of major antioxidant serum proteins, which include ceruloplasmin (copper-binding protein) and transferrin (iron-binding protein) are decreased in children with autism. [19] There is a positive correlation between the reduced levels of loss of previously acquired language skills in children with autism and these proteins. The alterations in transferrin and ceruloplasmin levels can lead to abnormal copper and iron metabolism in autism. [20] The membrane phospholipids which are the prime target of ROS are altered in autism. The levels of phosphatidylserine are increased while the level of phosphatidylethanolamine are decreased in the erythrocyte membrane of children with autism as compared to their unaffected siblings. [21] Several studies have shown that in autism, alterations occur in the activity of antioxidant enzymes such as SOD, catalase, and GSH-Px. Moreover, the altered glutathione levels as well as the homocysteine/methionine metabolism, excitotoxicity (is the pathological process by which neurons are damaged and killed by the over activations of receptors), appear to increase inflammation, along with mitochondrial and environmental factors that can increase vulnerability to the oxidative stress in autism disorder. Many studies have suggested that the increase in oxidative stress in autism might contribute to the development of this disorder. [22] This mechanism links oxidative stress with the abnormalities of membrane lipids, aberrant immune response, inflammation, excitotoxicity, and impaired energy metabolism. This may lead to pathogenesis and clinical symptoms of autism. [22] [23] [24] dietary therapy
Gluten/casein-free diet
The gluten-free casein-free (GFCF) diet is a diet which involves avoiding all foodstuffs which contain gluten and casein. Gluten is a protein found in some cereals such as wheat, oats, rye, and barley. While, casein is a protein found in some dairy products such as milk, butter, and yoghurt. Some researchers believe that autistic people are unable to digest gluten and/or casein properly and that any undigested gluten and casein (in the form of harmful peptides) enter the central nervous system (CNS) and damage the brain. The GFCF diet is designed to remove all gluten and/or casein, which is supposed to lead to improvements in areas such as IQ, communication, and social skills. [25] The GFCF diet is widely used by families of children with ASDs. Despite its popularity, there is limited evidence in support of the diet. Studies on the GFCF dietary intervention for children with ASDs suggest that some children may positively respond to implementation of the dietary intervention. Other research suggests that children diagnosed with ASD can be classified into subpopulations based on various factors including GI abnormalities and immune function. A cross-sectional study analyzes parental report data collected using a 90-item online questionnaire from 387 parents or primary caregivers of children diagnosed with ASD on the efficacy of the GFCF diet. Results showed that diet efficacy among children whose parents reported the presence of GI symptoms, food allergy diagnoses, and suspected food sensitivities included greater improvement in ASD behaviors, physiological symptoms, and social behaviors compared with children whose parents reported none of these symptoms, diagnoses, or sensitivities. Parental report of strict diet implementation, indicated by complete gluten/casein elimination and infrequent diet errors during and outside of parental care, also corresponded to improvement in ASD behaviors, physiological symptoms, and social behaviors. These findings suggest that various intricacies related to diet implementation and GI and immune factors may play a role in differentiating diet responders from diet nonresponders and substantiate the importance of further investigations into the various, nuanced factors that influence efficacy of the intervention among children with ASDs. [52] Feeding and nutrition are major issues for many children with autism. These new studies showed that both nutritional deficiencies and nutritional excesses are common whereas the consequences of all these nutritional imbalances have not been defined yet. [26] In the early 1990s, Knivsberg and Reichelt et al. based at various sites in Norway published initial and follow-up behavioral and psychometric data for a small group of people (n = 15) with altered state of consciousness (ASCs) on a GFCF diet. For many, these studies were the first primary evidence for the potential effectiveness of a GFCF diet for ASCs adding scientific validity to the array of anecdotal observations previously described and strengthened by the long period of dietary exclusion between publications. The downside to these initial studies lay predominantly with the open, nonrandomized methodology employed together with a lack of suitable blinding; thus introducing potential bias into the interpretation of results obtained. The Norwegian team has subsequently been involved in further experimental studies of GFCF dietary intervention for ASCs. Two of these studies were randomized controlled trials (RCTs) lasting for 1 and 2 years, respectively. Both studies indicated significant positive group effects on several measures of behavior and development indicative of potential improvements to symptoms for some children with ASCs on diet. [27] There is a continued requirement for further study on the potential role of dietary intervention for ASCs. Future controlled trials including blinded and placebo elements are necessary carrying appropriate power of study by sample size and duration. Further thought should also be given to the concept of best-and non-responders to this type of intervention. So for example, (1) screening for GI and/or potentially relevant pathogenic comorbidity, (2) measuring gut hyperpermeability, (3) examining gut microbial populations and food-related enzyme activities, and (4) ascertaining the presence of inflammatory processes, either peripherally in GI tissue or more centrally, might all be included as parameters for future dietary investigations. Similarly, measuring any relationship between behavior and GI function over the course of dietary intervention may offer some information about any connection between these factors. [27] [28] [29] One more new study compared anthropometric values, nutrient intake, the healthy-eating index and food variety in children with ASD, 20 on a GFCF diet and 85 on a regular diet in Valencia (Spain) using 3-day food diaries. Those on the GFCF diet had a lower weight, body mass index, and total energy, pantothenic acid, calcium, phosphorus, and sodium intake, but a higher intake of fiber, legumes, and vegetables. Further, the GFCF diet group had a better quality of fat intake, but needed supplementation with Vitamin D. RCTs are required to explore not only the long-term effects of this diet on anthropometric and nutritional status but also behavioral symptoms, in children with ASD. [28] 
Dietary supplement
Several dietary supplements have been also shown to provide treatment of autism. Omega-3 polyunsaturated fatty acids have been shown to inhibit amyloidosis and beta-amyloid (Aβ) production in cells. Omega-3 supplements have antioxidant properties and have been suggested to reduce the brain Aβ levels for early-onset autism. [29] In addition, there is substantial in vitro data indicating that curry omega-3 supplement is a promising agent in the treatment or prevention of autism. It has anti-inflammatory, antioxidant, and anti-amyloid pathology activity. Various other factors along with those supplements have been shown to interact with antioxidants in attenuating autism neuropath physiology. [30] Nonetheless, important information regarding its bioavailability, tolerance, safety, is lacking. Few children with ASD need most of the micronutrients they are commonly given as multivitamins. This often leads to excess intake that may place children at risk for adverse effects. When supplements are used, careful attention should be given to adequacy of Vitamin D and calcium intake. [31] aNtioxidaNt therapy iN the treatMeNt of autiSM Antioxidants are exogenous or endogenous compounds that can either react with free radicals to neutralize them or to reduce their formation. Therefore, they are potentially protecting the cell from oxidative injury. [32] Free radicals, including ROS, may start chain reactions that are very damaging to cells as well as tissues. Since the biochemistry of free radicals injury is complex, many substances might be acting as potential antioxidants and providing protection against diseases and limiting their consequences. The classification of antioxidants is based on whether compounds are primarily exogenous or endogenous along with their underlying mechanisms of action. [33] In order for the antioxidant compound to enter the brain parenchyma, it must penetrate the blood-brain barrier (BBB) to allow for a critical therapeutic concentration inside the CNS. Antioxidants can be lipid soluble or water soluble which results in varying degrees of BBB penetration. Those which can readily pass through the BBB are good therapeutic candidates to be used in the neurologic disorders. [34] Coenzyme Q10 (CoQ10) (ubiquinone) is a lipid-soluble mitochondrial antioxidant cofactor which readily crosses the BBB and has been shown to be neuroprotective in several animal models with neurodegenerative diseases and neurodevelopmental disorders. [35] Antioxidants are also known as "free radical scavengers" since they terminate these chain reactions by inhibiting further oxidation reactions and removing free radical intermediates. Antioxidants are produced by the body and are found in various plants and foods. During a homeostatic state, there is a balance of antioxidants and ROS so no damage is occurring. Tissue damage occurs only when free radicals overwhelm the antioxidant reserves in the body. [36] Several double-blind and placebo-controlled therapeutic trials of the use of potent antioxidants such as Vitamin C, carnosine, zinc, reduced glutathione, fish oil (rich in EPA), melatonin, and Vitamin B6 in combination with magnesium in autism are ongoing. [37] In double-blind, placebo-controlled clinical trials, treatment with high-dose Vitamin C, carnosine or combined Vitamin B6 and magnesium improved the behavior of individuals with autism. In addition, melatonin has been reported to be useful in the treatment of sleep disorders in autism. [37] Vitamins, minerals and carotene A n t i o x i d a n t s c a n b e l i p i d s o l u b l e (i.e., Vitamin A and E) or water soluble (i.e., Vitamin C and B complex) and possess varying degrees of BBB penetrance. Vitamin C, Vitamin E (α-tocopherol), and β-carotene are known to be as exogenous chain-breaking antioxidants helping to inhibit dementia pathogenesis in mammalian cells and decrease the free-radical-mediated damages caused by toxic chain reactions in neuronal cells. [32] The most important lipid-phase antioxidant is α-tocopherol since it is a powerful lipid-soluble chain-breaking antioxidant which is found in lipid membranes and circulating the lipoproteins and low-density lipoprotein particles as well. [33] In experimental studies, Vitamin E has been shown to attenuate toxic effects of β-amyloid and improve cognitive performance in patients with moderately severe neurological impairment. Treatment with α-tocopherol (2000 IU a day) reduces neuronal damage and slows the progression of the diseases, which indicates that the use of α-tocopherol may delay clinically important functional deterioration in autistic patients. [34] Vitamins suppress brain lipid peroxidation and significantly reduce the Aβ levels. However, if Vitamin E supplementation is started after amyloid plaques are already deposited, no significant effect is observed on the amyloidotic phenotype despite a reduction in brain oxidative stress. [35] [36] [37] [38] [39] [40] Any mechanistic hypothesis for autism must accommodate the successful application of high-dose of B complex vitamins. Multiple controlled trials have demonstrated that Vitamin B6 in combination with magnesium can improve the behavior in many autistic children. B complex vitamins can lower the excitotoxic threshold. [40] However, treatment with those vitamins is highly vulnerable to any damage caused by the oxidative species (i.e., hydroxyl and singlet oxygen) and any deficiency in the level of B complex vitamins can impair the myriad enzymes along with neurotransmitters in autism. [41] Decreased zinc status in autism has been clearly established as a potentiator of oxidative stress. Zinc deficiency increases lipid peroxidation and free radicals in cell membranes, mitochondria, and other tissues. It also decreases the total glutathione, glutathione-S-transferase, Vitamin E, and SOD levels. On the other hand, copper excess is evident in autism disorder. Higher levels of total serum copper, higher unbound serum copper, and lower ceruloplasmin are found in groups of autistic children. Copper is highly pro-oxidant and this is especially true of unbound copper; however, supplemental copper is rarely need in autism. Even small doses of copper have been suggested to produce negative behavioral effects. [42] Hypothetically, oxidative stress can decrease the clinical zinc retention; therefore, it seems that zinc is an essential constituent of copper-zinc SOD, which is a key antioxidant enzyme. [43] Enzymes and mitochondria-targeted antioxidants Preventive antioxidants, including GSH-Px, metal chelators, SOD enzymes, and a pro-survival mitochondrial antioxidant enzyme-MnSOD along with cytoplasmic antioxidant enzyme-copper-zinc SOD, repair enzymes such as lipases and DNA repair enzymes. All have been shown to be effective in neuronal protection against many oxidative damages and can be used to treat behavioral and cognitive symptoms of autism disorder. [40] Other antioxidants such as CoQ10, NADH, α-lipoic acid (LA), glutathione and Mito Q, Szeto Schiller peptide all have some potential therapeutic value in the treatment of certain neurodegenerative diseases through catabolizing H 2 O 2 [ Table 2 ]. [43] Mitochondrial dysfunction is involved in the pathogenesis of many neurodegenerative diseases such as autism disorder, so developing new therapeutic strategies targeting the mitochondria may shed a new light to on autism treatment. [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] Since the overproduction of ROS by mitochondria can be considered one of the major factors that contribute to the autism disorder, many of the drugs targeting mitochondria that have been tested or are in development belong to metabolic antioxidants. Those antioxidants including R-α-LA as well as CoQ10 can easily penetrate not only the cell, but also the mitochondria to provide the greatest protection. [51] Estrogen Estrogen has been shown to perform as an antioxidant to protect the neurons from the Aβ toxicity. Although estrogen might have neuroprotective effects, it does not appear to improve either the cognition or functional problems in patients with autism disease. [52] [53] [54] One study has cited a link between the X chromosome (one of the two sex chromosomes in humans) and autism and evaluated the incidence of autism in turner syndrome. It has been demonstrated that estrogen therapy might be initiated in coordination with the final phase of growth hormone therapy and they are often begun at the time of normal puberty, around 12 years of age. [54] AT present, there is no evidence that suggests or supports the use of estrogen as an antioxidant for decreasing the risk of autism or slowing the progression of existing autism. Consequently, additional studies need to be conducted for the determination of whether the treatment with estrogen can prevent or delay the onset of autism or reduce its severity. [55] coNcLuSioN Antioxidants have some potential therapeutic value in the treatment of certain neurodegenerative diseases though catabolizing H 2 O 2 . Since mitochondrial dysfunction is involved in the pathogenesis of many neurodegenerative diseases such as autism disorder, developing new therapeutic strategies targeting the mitochondria may shed a new light autism treatment. However, there is a need for large, well-designed studies that link metabolites, cofactors, and gene pathways with the clinical and behavioral outcomes to be conducted in children with ASDs. Future risk factor analysis of ASDs should include consideration of multiple biomarkers of nutrients involved in pathways and the interaction of genotypes with nutritional status. Finally, but perhaps just as important, is a need to focus on the measurement of clinical changes to symptoms alongside statistical changes to psychometric or other assessment tools in view of the restrictiveness of the dietary regime. This point in particular reflects the fact that not everyone who might potentially benefit from dietary intervention will necessarily be able to implement such a restrictive regime, or indeed, want to.
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